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ABSTRACT 
A screening procedure for the detection of topically applied phototox.ic agents is 
presented. Following application to the guinea pig ear, the significance of changes 
in ear thickness in irradiated and non-irradiated animals served as the determinant 
in establishing positive effects. Eight drugs reported to be phototoxic agents and 
hexachlorophene, which is suspected of being a photoallergen, were tested. Positive 
results were obtained with 8-methoxypsoralen, chlorpromazine, prochlorperazine and 
demethyl-chlortetracycline. 
There has been an increasing concern with 
regard to the untoward responses that may be 
caused by certain ingredients in products in-
tended for topical usage. Exposure to sunlight, 
following the application of the e products, has 
caused local reactions which are usually de-
scribed as "phototoxic" or "photoallergic" re-
sponses in the skin. Both types of reactions have 
been referred to as ''photosensitivity." 
Relatively few methods for the detection of 
phototoxicity using laboratory animals have 
been described in the literature. Mice, hairless 
mice, rats and guinea pigs have all been sho,vn 
to develop phototoxic responses (1-8) . In most 
of these methods the phototoxic agent was ad-
ministered by a systemic route. The response 
was detected visually and ranged from erythema 
to necrosi of the exposed areas, ears, tails and 
paws. Sawa (3) used the increase in ear thick-
ness to detect phototoxicity. Topical application 
of skin sensitizers to the ears of sensitized mice 
and measurement of the change in ear thickness 
was used by Asherson and Ptak (9) to quantify 
twenty-four hour skin reaction . 
We have developed a screening procedure for 
the detection of topical phototoxic agents. The 
method provides a simple, relatively fast and 
objective means of screening substances for pho-
totoxicity. The equipment required is inexpen-
sive. The results obtained by the recommended 
procedure indicate that repeated treatments, 
·which are administered over a period of three 
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consecutive days, tend to enhance the responses 
and aid in the detection of weaker agents. The 
method has the added advantage of being suf-
ficiently brief so as to markedly reduce the pos-
sibility of confusing a photoallergic respon e 
with a phototoxic response. 
Although five of the drugs selected for study 
here are never administered topically, the mech-
anisms resulting in pbototoxic responses to some 
of these bas been postulated to depend upon a 
photodynamic reaction involving the unmetabo-
lized drug in the skin. 
MATERIALS AND MEmODS 
Experimental animals. Male, randomly bred 
Hartley strain albino guinea pigs weighing between 
240 and 550 grams were housed on wire and main-
tained on Purina Guinea Pig Chow®. 
Drugs. Griseofulvin\ hexachlorophene2 and sul-
fanilamide3 were used in pure form. The follow-
ing drugs were obtained in capsule or tablet form : 
chlorpromazine\ chlorothiazide5 , chlortetracycline6 , 
demethylchlortetracycline7, 8-methoxypsoralen8, 
and prochlorperazine0 • All materials were ground 
in a mortar and were suspended or dissolved in 
dimethyl sulfoxide10 (DMSO) at a concentration 
of 1 or 2 percent ( w /v) of active ingredient. 
1 Grifulvin V®, McNeil Laboratories. 
2 Sindar Chemical Co ., Division of the Givaudon 
Corp. 
3 Eastman Organic Chemicals, Division of East-
man Kodak Co. 
*Thorazine®, Smith, Kline and French Labora-
tories. 
5 Diuril®, Merck, Sharpe and Dohme. 
0 Aureomycin®, Lederle Laboratories. 
7 Declomycin®, Lederle Laboratories. 
8 Meloxine®, The Upjohn Company. 
9 Compazine®, Smith, Kline and French Labora-
tories. 
10 J. T . Baker Chemical Company. 
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TABLE I 
The responses of guinea pig ears following three days of trealment 
Average increase in ear thickness in 0.0001 inches 
Days 
Drug of UVL NoUVL treat- Calcu-
ment lated Critical T 
Control Treated Control Treated t 
-- --
Chlorpromazine 2 0 20 3 30 179* 39 67 3.630 2.101 
(38- 22) (210- 148) (56- 23 ) (88-46) 
Demethylchlortetracycline 2 0 20 3 49 92* 41 62 2.698 2.101 
(60- 39) (103- 80) (57- 24 ) (80-43) 
Chlort etracycline 2 20 3 68 73 44 57 1.463 2.101 
(96- 40) (90- 56) (54-33) (71-43) 
Chlorothiazide 2 20 3 19 25 29 29 0.433 2 . 101 
(30-7) (36-15 ) (42-17 ) (-10- 18 ) 
Prochlorperazine 2o/ 20 3 47 128* 31 43 8 .901 2.101 
(61-33) (142-113) (40-22 ) (55-30 ) 
Griseofulvin 2% 20 3 32 36 23 25 1.278 2.101 
(43-22 ) (50-22) (32- 14 ) (33-17 ) 
Sulfanilamide 2 0 20 3 20 .1 8 9 9 0 .091 2 .101 
(30-11) (14-2) (18-0) (21- (- 3)) 
Hexachlorophene 1 o/: 20 3 61 91 40 82 0.34 2.101 
(74-47) (108- 74 ) (51- 29 ) (106-58 ) 
*Denote re ponse significant ly greater than response without VL. 
Light source. Sources of ultraviolet radiation 
were 15 watt fluorescent black light tubes (General 
Electric) which have an emission range of 320 to 
450 nm with peak emission at 360 nm. Ordinary 
window glass was used a a filter so a to diminish 
the amount of erythrogenic rays reaching the ani-
mal. 
Procedure. Two groups of 5 to 10 animal each 
were selected and placed in wire me h cages having 
internal dimensions of 20 inche long, 16 inches 
wid and 12 inches high. Food and water were 
constanUy available. One group wa:' kept in the 
dark except for a few minutes whil handling. The 
other group was subjected to constant exposure 
to ultraviolet ligh t. The thickne s of the pinnas of 
both ear of each animal were measured with a 
micrometer graduated in 0.0001 inches and 
equipped with a ratchet. All mea urements were 
made with the same micrometer in the same region 
of each ear at uniform distance from the edge. The 
micrometer was t ightened until the ratchet clicked 
ju t once. 
DMSO alone, .05 ml, wa gently and uniformly 
spread over the dorsal surface of one ear and the 
arne amount of the test material in DMSO was 
similarly applied to the other ear. The applications 
were administered twice daily, u ually for three 
days. E ar thickne s wa measured 24. 48 and 72 
hours after treatment wa initiated. The initial ear 
thickness was subtracted from the measurements 
which were made at 24, 48 and 72 hours and these 
values were statistically analyzed. Twenty-four 
hours after treatment a compari on was made be-
tween the increased thicknesses of the right ears of 
guinea pigs which had been exposed to light and 
those of animal which had been kept in darkness. 
Group differences were determined by means of a 
t-test for unpaired variables (10) and calculated 
value , in exces of critical values which rep-
re cnt d the ninety-five p rcent level of signifi-
cance, rejected the null hypothesis. Similar com-
parisons were al o made for the 48 and 72 
hour mea urement. . 
RESULTS 
Table I and III shmv the results which were 
obtained with this method. Four of the 9 com-
pounds tested were found to be phototoxic. The 
"t" values which are li. ted represent compari-
son of the treated ear of the UVL exposed 
group with those of the non-irradiated groups. 
The results obtained from three different groups 
of animals which were t reated with chlorproma-
zine are listed in Table II and demonstrate the 
reproducibility of the method. 
Tho e agents which produced a significant re-
ponse within twenty-four hours were classified 
a potent phototoxic agents, while those requir-
ing two days to elicit a significant response were 
con idered to be moderate phototoxic agents. It 
was felt that those compounds which elicit a 
significant response only after three days of 
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TABLE II 
Occurrence of significant phototoxic responses with respect to time 
Days UVL Dark 
Drug of N t treat-
ment Control Treated Control Treated 
Chlorpromazine 1 10 19 61* 24 30 3.77 (26- 12) (70-52) (33-15 ) (41- 19 ) 
Prochlorperazine 1 10 32 75* 22 28 6.83 (42- 22) (84- 66) (28- 16) (37- 19 ) 
8-Methoxypsoralen 1 10 47 118* 42 39 7.62 (63- 30) (136- 100) (57-27) (46-32) 
Demethylchlortetracyline 2 10 35 54* 17 28 2.73 (49- 21 ) (70-38 ) (24- 10) (36-20) 
* Denotes response significant ly greater than response without UVL. 
TABLE III 
The responses of guinia pig ears following three days of treatment with chlorpromazine 
Increase in ear thickness in 0.0001 inches 
Experiment K UVL NoUVL 
Critical 
number 
Calculated 
t value of Control Treated Control Treated "t" 
1 10 32 171* 31 39 3.685 2 .306 (42-23) (240- 103) (45- 17 ) (55- 23 ) 
2 20 55 124* 48 49 5.935 2.101 (67- 44 ) (148- 102 ) (fi0- 37 ) (59- 39 ) 
3 20 30 179* 39 67 3.360 2.101 (62- 22) (210-148) (56-23) (80-43 ) 
* Denotes response significantly greater than response without UVL. 
t reatment would be categorized as weak photo-
toxic agents, although none of the agents which 
were examined on this occasion qualified for 
such a classification. Those compounds which 
failed to elicit an obNervable respon e were re-
garded as lacking in topical phototoxic potential. 
8-Methoxypsoralen and the phenothiazine de-
rivatives, chlorpromazine and prochlorperazine 
belong in the category of potent topical photo-
toxic agents while demethylchlortetracycline was 
found to be a moderate phototoxic ubstance. 
These findings are supported by the data illus-
trated in Table III. 
We do not intend to suggest that the as ign-
ment of potency ratings in this procedure reflects 
the inherent phototoxic potential of the agents, 
regardless of administration routes, but rather 
that they are a mea ure of potency only with 
re pect to topical administration. 
DISCUSSION 
Fluorescent black light lamps were chosen as 
the light ource because of the uccess of pre-
viou investigators in eliciting phototoxic re-
sponse u in(J' the longer ultraviolet rays (1, 4, 6, 
7, 8). 
Dimethyl ulfoxide wa selected as the vehicle 
for the various test agents because of it demon-
strated ability to enhance dermal penetration 
( 11) . Selections of the respective drug concen-
tration were arbitrary, although considerable 
effort was made to avoid concentrations which 
would cause significant irritative effects without 
irradiation. 
Only Stratigos and Magnus (2) were able to 
elicit a phototoxic response to sulfanilamide in 
the long-wave ultraviolet region. They u ed an 
expo ure of 1.2 X 106 erg / cm2/sec for thirty 
minutes at 400 nm. Phototoxic reactions with 
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chlorothiazide have been limited to systemic ad-
ministration of the drug. We have found no ref-
erences to experimental induction of phototoxic-
ity with chlortetracycline, griseofulvin or hex-
achlorophene. 
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